Most arrhythmias have long been regarded as undesirable. The salutary clinical consequences of abolishing ventricular and atrial tachycardias are often immediately apparent, and, in general, the circulatory disadvantages of an inappropriately rapid ventricular rate in man would seem well accepted.
Since quinidine was used as the antiarrhythmic drug in all of these studies, the observations on circulatory function were necessarily made days to weeks after the instant of reversion, i.e., at a time when over-all circulatory adjustments to the rhythm change would be anticipated. The technique of direct-current transthoracic shock, timed to occur during maximal ventricular depolarization, has been shown by Lown , Neuman, Amarasingham, and Berkovits in animals and man (8, 9) to be safe and effective in terminating various arrhythmias; furthermore, it has made possible hemodynamic studies predictably timed to coincide with a change in cardiac rhythm in the absence of quinidine. We have made observations before, during, and after condenser-discharge shocks in 26 patients with various arrhythmias undergoing electrical conversion attempts. The majority of these patients had atrial fibrillation with varying rates of ventricular response; 21 detailed hemodynamiiic studies were made in 20 of these patients in an effort to assess the relative importance of the ventricular rate and the absence of atrial systole on cardiac output.
Methods
The patients studied included four with ischemic, 16 with rheumatic, and two with hypertensive heart disease; one patient had had an atrial septal defect closed, and three patients, one with borderline hyperthyroidism [BMR, +20%; PBI (protein-bound iodine), 9.2 ,ug per 100 ml] and one with labile blood pressure, had atrial fibrillation as the only sign we could detect of possible heart disease (Table I ). In 13, cardiac surgery had been performed. Each patient was receiving a digitalis preparation and was considered to be "digitalized" on the evening before study. Quinidine had been given to each in varying amounts before the conversion attempt, but no patient had received quinidine within the 24 hours before study. All patients had cardiac enlargement; the In the latter patients of the series an arterial catheter was positioned in the aortic root, and another catheter was passed transeptally into the left atrium. The aortic root catheter was advanced into the left ventricle and the presence or absence of mitral regurgitation qualitatively assessed by the detection of or failure to detect indicator dye in the left atrium after left ventricular injection. The left ventricular mean-diastolic and enddiastolic pressures measured were those nearest in time to the output measurements.
All pressures were recorded with Statham P-23Db pressure transducers as part of a bridge circuit, activated by 12-v direct current, and Heiland type 40-350C gal- Data obtained in other patients with heart disease studied at rest, during exercise, and one-half hour after exercise were used for comparison of the rest-"rerest" studies in the present series. Seven of these patients had ultimately fatal myocardial disease of various etiologies (11), and seven had chronic rheumatic mitral disease.
Results
The clinical consequences of the attempts at conversion are summarized in Table I. In Table   II consumption after conversion than did the patients who did not convert.
Heart rate and stroke volume. A significant decrease in mean heart rate and an increase in mean stroke volume were found both at rest and during exercise in the patients who converted. In the four who did not convert, the heart rate at exercise after the conversion attempt was also significantly lower than before the attempt. Since a stroke volume increase would be expected with a heart rate decrease even in the absence of an increase in cardiac output, the patients who converted were divided into two groups for analysis of the relationship of heart rate to cardiac output change, as shown in Table III . In the table the data in patients in whom a heart rate decrease of more than 30 beats per minute had occurred at rest or during exercise after conversion (A) are compared with those in whom a rate change of lesser magnitude was noted (B). In group A a significant decrease in heart rate and increase in stroke volume occurred both at rest and during exercise but only during exercise in group B. In group A a significant increase in cardiac output The output and rate changes observed immediately before and after conversion during the light thiopental anesthesia (not shown in the tables) were not significantly different from those while awake.
In studies made at longer intervals after conversion, one patient (No. 5) with mitral stenosis had no further increase in output or stroke volume at 1 or 11 months, despite a markedly lower rate; another (No. 8), however, had a major increase in output at 2 hours and a further increase to normal at 3 months, attributable to a stroke volume increase without any rate change. One other patient (No. 9) had an increase of 0.60 L per minute per m2 by 2 hours without a rate change.
Atrial pressure. Mean right atrial pressure decreased in each of the four patients in whom it was measured before and after conversion at rest and also in the three in whom it was measured during exercise. The "a" waves that developed were quite small; a sharper "c" wave and x-descent were regularly seen.
Mean left atrial or pulmonary arterial wedge pressure was slightly higher after conversion in four of five patients with rheumatic heart disease in whom changes were available at rest and in three of four at exercise; left atrial pressure was also much higher at rest in one patient with hypertensive heart disease. By contrast, in the two patients with atrial fibrillation as the only sign of possible heart disease definite decreases occurred after conversion. As was seen in the right atrial pressure contours, surprisingly small "a" waves appeared after restoration of sinus rhythm, but the x-descent became clearer (Figure 3) Discussion Conversion from atrial fibrillation to normal sinus rhythm was clearly associated with a significant increase in cardiac output in those patients in whom a considerable decrease in ventricular rate occurred. In those patients in whom a significant rate decrease did not accompany conversion, however, the output changes observed at 1 hour were similar in magnitude to those that occurred in patients subjected to the same protocol who did not convert and, furthermore, were similar to those occurring in other patients with heart disease in rest-rerest studies. Output measurements made at longer intervals after conversion in five patients were not regularly greater than at 1 hour. We must conclude that atrial fibrillation had had a deleterious effect on the cardiac outputs of only those patients who had had rapid ventricular rates, as suggested years ago by Lewis (12) and Blumgart (13).
These data were somewhat surprising, however, both from clinical and from physiologic points of view. As physicians, we have all seen quite ill patients who seemed to be improved after conversion. We have also observed acute decreases in cardiac output when' atrial arrhythmias developed during cardiac catheterization, as have others (14) . That atrial systole plays a role in ventricular filling has clearly been established in animal preparations with induced atrial fibrillation.
:Skinner, Mitchell, Wallace, and Sarnoff (15) showed that in dogs the absence of atrial systole had two consequences at a given heart rate, namely, decreased ventricular filling and, for a given input into the left ventricle, higher mean left atrial pressure. If the vagi had been sectioned, they noted decreased aortic pressure and cardiac output. If, however, baroreceptor activity was intact, aortic pressure and flow tended to return to control levels after the onset of atrial fibrillation.
Obviously, even among patients with heart disease, little or no increase in cardiac output after conversion would be anticipated in those whose outputs were normal in atrial fibrillation. We had, however, expected an increase in output after conversion in those patients in whom it had been low, on the assumption that the absence of atrial systole was a major factor contributing to their low outputs. Why restoration of atrial systole without a rate decrease did not result in an increase in cardiac output is not clear. The "a waves that appeared were surprisingly small and were not accompanied by elevation of enddiastolic over mean left ventricular diastolic pressure. In contrast to the findings in dogs without heart disease, the transport function of the atria in these patients seemed to be small. Perhaps this may be attributable in part to an atrial myocardial abnormality that was associated with the development and maintenance of atrial fibrillation. That atrial disease was present in the majority is also suggested by the high incidence of recurrence of fibrillation despite chronic quinidine and procaine amide therapy. Perhaps also this small volume augmentation was in part due to decreased atrial contractility induced by homeostatic autonomic reflexes (16) .
Even a small volume augmentation, however, might have been expected to have a salutary effect on stroke output of patients with the lowest cardiac outputs, but the patients with the lowest outputs during chronic atrial fibrillation did not regularly have the greatest percentage increases after conversion. These observations suggest that factors other than the presence or absence of atrial systole were of major importance in setting the level of cardiac output in these patients. By usual clinical criteria, we could not establish a correlation between the severity of the heart disease and the level of cardiac output before or after conversion at rest or during exercise. \Ve are, therefore, unable to define the factors responsible for the low outputs of these patients.
The question of the effect of atrial fibrillation on left atrial pressure is of definite clinical importance, since this pressure reflects the level of pulmonary venous pressure and hence is related to pulmonary congestion. In the animal preparation with intact baroreceptor activity, mean atrial or filling pressure at a fixed heart rate tends to be higher for any given stroke volume after production of atrial fibrillation even though flow and blood pressure have returned to control levels (15 (19) . In the upright patient venous return is decreased; ventricular filling and hence stroke volume may be more dependent on the presence or absence of atrial systole. These studies suggest that chronic atrial fibrillation in these supine and moderately exercising patients with heart disease was of only slight importance in determining the level of cardiac output if the ventricular rate was controlled: The small "a" waves suggesting only a slight volume augmentation attributable to the restored atrial systole, in contrast to the findings in the experimental animal, suggest to us that intrinsic atrial myocardial disease had attenuated atrial function or that extracardiac factors had decreased the contractility of the atria. Summary 1) Hemodynamic measurements have been made at rest and during exercise in 20 patients with heart disease before and after attempts to convert atrial arrhythmia to sinus rhythm by transthoracic direct-current shock.
2) Conversion to normal sinus rhythm had little effect on cardiac output unless a rapid ventricular rate was lowered after conversion to sinus rhythm.
3) The transport function of the atria in these patients with heart disease seemed to be of little importance in determining their cardiac outputs.
